Submersed plants appeared in the impounded section of the Warta River as a consequence of low discharge in summer and were colonized by epiphytic fauna dominated by Hydra sp., Simuliidae, and Chironomidae. The three-spined stickleback consumed it voraciously, and their diet composition closely reflected the available food resources. In May their alimentary tracts were filled with Cladocera drifting from the reservoir, and then by the dominant taxa associated with macrophytes, especially chironomid periphyton scrapers. A comparison of dipteran head capsule width in the food resources and in the alimentary tract proved the three-spined stickleback preference for the largest larvae (optimal foraging strategy).
INTRODUCTION
The impounding of rivers appears to have a strong impact upon the aquatic life in the tailwater (Ward and Stanford 1980 , Petts 1984 , Armitage 1984 , 1987 . This kind of long-term anthropogenic alteration of riverine macroinvertebrate and fish assemblages was observed in the Warta River (Grzybkowska et al. 1990 , Grzybkowska and Dukowska 2001 , Penczak and Kruk 2005 , Kruk 2006 , Penczak et al. 2006 ). An important factor that influenced the tailwater biota, was the summer decrease in the discharge of the river, which caused submersed vascular plants development there. This favorable habitat caused a demographic explosion of the epiphytic fauna (Grzybkowska et al. 2003) and was an excellent place for fish habitation: as a refugium from predation and, as a food resource. One of the dominant fish species living among submersed pond-weeds (mainly Potamogeton) was threespined stickleback Gasterosteus aculeatus L. Estimates of the diet and food selectivity of this taxon were the aim of this study.
STUDY AREA
The Warta River rises at 380 m a.s.l., is 808 km long and empties into the Oder River at 13 m a.s.l. Its catchment area is ca. 53 710 km 2 and the slope ranges from 2.0 -1.0 in the upper to 0.3 -0.1‰ in the middle and lower course. The study site was established in a seven order section of this lowland, alluvial river, about 1.5 km downstream of the dam (Fig. 1) . The Jeziorsko Dam Reservoir is one of the largest reservoirs in Poland as regards its area (42.3 km 2 ). The sampling was conducted in 2004, which was about two decades after the reservoir had started functioning and 10 years after a hydroelectric plant was constructed in the dam.
In the investigated site, the Warta River was about 60 m wide with a maximum depth of 2.5 m. The inorganic substratum was mainly fine sand near the sedimental bank and coarse sand and gravel at the investigated microhabitat (2.5-8 meters from the bank). In this habitat, during the summer of 2004, large patches of Potamogeton pectinatus L. and small patches of Potamogeton lucens L. covered the river bed. But in the fall, as in every year, rapid changes in flow associated with repeatedly released large volumes of water from the Jeziorsko Reservoir usually uprooted aquatic plants together with epiphytic fauna; this biocoenosis ceased to exist.
The riparian vegetation was mainly willows (Salix spp.) and rarely Alnus glutinosa. A detailed description of this site was given by Grzybkowska et al. (1990 Grzybkowska et al. ( , 2003 and Grzybkowska and Dukowska (2001) .
MATERIALS AND METHODS
To estimate the food resources available for fish, the epiphytic fauna settled on Potamogeton pectinatus was collected from the selected section of the Warta River twice a month, between May and August 2004. Plants (each sample consisting of a long stem) were put into plastic containers, cut off under the water surface, and preserved in formalin in the field. On each sampling occasion five Potamogeton samples were collected. In the laboratory, the plant material was taken out of the containers and thoroughly rinsed in water. Invertebrates washed off the plants were preserved in 10% formalin, identified and counted. Plants were dried for 24 hours at 65°C and then weighed to estimate their dry weight. Data obtained in this way served to calculate the density of macroinvertebrates per g of dry weight (dw) of plants on given sampling occasions. A more detailed description of the methods was given by Grzybkowska et al. (1990 Grzybkowska et al. ( , 2003 and by Grzybkowska and Dukowska (2001) .
To estimate the density of zooplankton (Cladocera) 0.03 m 3 samples of river water were filtered through a planktonic net. The zooplankton obtained was preserved in formalin in the field. In the laboratory, the individuals were identified and counted.
To estimate three-spined stickleback density and alimentary tract contents, fish were sampled in a 40 m long and 1.5 m wide river section, using a generator supplying an electric current of 220 V and 3 A. The total length (TL) of each sampled fish was measured to the nearest 1 mm, and weighed precisely to 0.01 g.
A total of 33 individuals of the captured three-spined sticklebacks destined for alimentary tract analysis were anesthetized with MS-222 and preserved in 4% formalin. However, only samples obtained on four occasions, on 20 and 27 May, 3 June and 27 July 2004, were abundant enough and only they were used for further analysis. Prey from the whole alimentary tract length, after identification to the lowest possible taxonomic category, were counted and weighed.
To estimate the food selectivity of the three-spined stickleback as regards prey size, the head capsule widths, precisely to the 0.0123 mm of the most frequent prey types in the diet and in the food base (epiphytic fauna), larvae of Simuliidae and Chironomidae, were measured. On the basis of the data obtained, the percentages of given larval stages (of specific head capsule sizes) of dipterans in the diet and in the food resources, were determined.
Food type preferences as regards taxa and prey body sizes were investigated using the Ivlev's electivity index (1961):
The fullness coefficient was calculated as the ratio (×100) of gut content wet weight to weight of fish (Opuszyński 1983 ).
Data were log (x+1) transformed, when necessary, to achieve linearity. One way ANOVA was used on the total length of fish (TL), the weight of food, gut fullness values and the percentage of the most frequent food items in the diet to determine whether significant changes during the investigated period occurred. If significant differences were observed among these values Tukey's multiple comparison test (post-hoc Tukey test) was used to determine which values were responsible.
RESULTS

Fish assemblages associated with submersed macrophytes
Over the investigated period a total of 14 fish species inhabited Potamogeton. One of the dominant species was three-spined stickleback Gasterosteus aculeatus L., other ones were perch Perca fluviatilis L., ruffe Gymnocephalus cernuus (L.), roach Rutilus rutilus (L.), dace Leuciscus leuciscus (L.), ide Leuciscus idus (L.), spined loach Cobitis taenia L., and gudgeon Gobio gobio (L.).
All 33 individuals of three-spined stickleback examined (mean TL -55 mm, range 46-66 mm) appeared to have a full intestine.
Food resources
Dipterans, simuliids, and chironomids, dominated on Potamogeton. Simuliidae constituted from 79.2% to 17.2% of total epiphytic fauna density in the investigated section. A maximum of their abundance occurred in May (2526 inds g dw of plants -1 ). The percentage of Simuliidae in the epiphytic fauna abruptly decreased at the end of the research period (Fig. 2) .
The other co-occurring group of invertebrates was Chironomidae. These dipterans constituted 15.3% to 78.2% of total epiphytic fauna density. The maximum of their abundance occurred in May (489 individuals per g of dry weight of plants) (Fig. 2) . Chironomid larvae represented different foraging behavior: they are periphyton scrapers (Cricotopus, Orthocladiinae), predators (Parachironomus arcuatus Goetgh., Chironomini), and filtering collectors (Tanytarsini). Trichopteran larvae were occasionally represented by predators, such as Neureclipsis bimaculata, and filtrators, such as Hydropsyche contubernalis and H. modesta. These taxa constituted about 0.1% of total macroinvertebrate density over the study period. Other groups, such as Oligochaeta, Hirudinea, Gastropoda and Ephemeroptera, occurred sporadically and were considered together as "Others" in Fig. 2 .
The density of Hydra sp. on Potamogeton displayed decisive seasonal dynamics, ranging from 18.3% of total invertebrate density (early June) to complete absence (late July) (Fig. 2) .
At the beginning of the study, the zooplankton was dominated by Cladocera. Their highest density was reached in May and then their amounts gradually decreased over the investigated period (Fig. 2) . These microcrustaceans were mainly represented by large sized species, such as Daphnia longispina and D. hyalina.
Fish food
Similarly to the length of analyzed fish specimens, the weight of their food also did not differ significantly over the study period (Table 1) .
In May, three-spined stickleback consumed mostly cladocerans of the genus Daphnia sp. These large body sized microcrustaceans constituted from 69.5% to 43.5% of total food weight. In June the preferred food type were Simuliidae (62.6%), while in July it was Chironomidae (87.7%, Fig. 3) . Irrespective of the season, the main prey types of three-spined stickleback were periphyton scrapers (Cricotopus sp., Orthocladiinae). In the alimentary tract of G. aculeatus also pupae and imagines of midges were recorded, which indicates that these fish also foraged for food in the water column. The percentage of the main food categories such as Simuliidae and Cladocera varied significantly (ANOVA, Table 1 ). As regards Cladocera, differences between the first and the third (posthoc Tukey test P<0.0002) and fourth (P<0.0002) occasions and between the second and the third (test P<0.0002) and fourth (P<0.0002) sampling periods were responsible for this. In turn, for Simuliidae only the difference in its percentages between the first and the third sampling periods were significant (P<0.0259).
Table 1
A one-way ANOVA was used to determine significant differences of given variables between four terms of sampling in the Warta River (df = 3; 29); dfnumber of degrees of freedom. Other microcrustaceans, such as Copepoda, and insects like Ephemeroptera, Lepidoptera, and Heteroptera, as well as particulate organic matter, were complementary food types. Sporadically, the alimentary tract of G. aculeatus was filled with fish eggs and fry.
No such taxa of epiphytic fauna as Hydra sp., Oligochaeta, or Trichoptera were recorded in the alimentary tracts of three-spined sticklebacks.
A detailed analysis of dipteran head capsule width both in food resources and in diet showed size-selective predation by fish for the largest individuals of periphyton scrapers Cricotopus sp. (Ivlev's electivity index, Fig. 4) . The same regularity was observed for Simuliidae.
The fullness coefficient reached similar values in May and June (from 3.7 to 5.1), when the basic food types were Cladocera and Simuliidae, whereas it decreased to 1.3 in late July, when three-spined stickleback foraged on Chironomidae. The application of ANOVA to the fullness coefficient over the study period (Table 1) revealed differences between the last sampling period and the others.
DISCUSSION
Aquatic macrophytes have been considered important to macroinvertebrates as substrates for epiphytic food, refuges from predation, and a heterogeneous substrate for the co-existence of many species (Tokeshi and Pinder 1985 , Tokeshi 1986 , Newman 1991 , Pinder 1992 , Berg 1995 . Thus, the appearance of macrophytes partially overgrowing the unstable alluvial river-bed of the Warta River caused an extraordinary increase in invertebrate density, to about 20 000 individuals m -2 (Grzybkowska et al. 2003) . This value approached those reported from comparable macrophyte riverine habitats (Lindegaard 1989 , Pinder 1992 . The epiphytic fauna associated with submersed macrophytes in the Warta River was dominated by Hydra sp. and dipterans, such as simuliids and chironomids. These different taxa represented various feeding behavior, belonging either to periphyton scrapers (Cricotopus, Orthocladiinae) or filtering collectors (Tanytarsini-Chironomidae, Simuliidae) or predators (Hydra sp. and Parachironomus arcuatus, Chironomidae) (Dukowska et al. 1999 (Dukowska et al. , 2005 . On the other hand, macrophytes may create favorable conditions for pelophilous zoobenthos, such as Oligochaeta and large-sized Chironomini (Chironomidae), by trapping fine particulate organic matter on the bottom (Cogerino et al. 1995 , Kaenel et al. 1998 , Grzybkowska et al. 2003 .
During the long-term monitoring investigations in the studied site of the Warta River three-spined stickleback was recorded, but it occurred in low abundance Kruk 2005, Kruk 2006 ). However, the respective electrofishing was carried out either in earlier years (till 1993) , in which there were no submersed macrophytes at all, or in months of later years (after 1993), before or after macrophyte development in a given year. This fish species may be included to predators that feed on macroinvertebrates and fish eggs, but the percentage of each of these food types does not usually exceed 25% of alimentary tract contents (Boroń 1992 , Bańbura 2000 . The feeding behavior of G. aculeatus may be correlated with its morphological parameters (Reimchen and Nosil 2001) . The biology of this species, including regeneration of plates, was the main subject of papers written by Penczak (1961a, b) .
At the beginning of the investigated period, the alimentary tracts of threespined stickleback were filled with Cladocera (mainly large sized species of Daphnia). Consequently, fish used huge amounts of available food that was released downstream through the dam ). This is a typical feeding behavior of numerous species of fish from lakes or dam reservoirs, as well as river sections located downstream of dams. Periodical accessibility of easily available food categories shifts fish food preferences (Marszał et al. 1996 , Makino et al. 2001 , Pociecha and Amirowicz 2003 and even for such a typical benthophagous fish as the mature bream the main prey types may be microcrustaceans (Grzybkowska and Zalewski 1983) .
The mass development of the epiphytic fauna caused a change in the food preferences of three-spined stickleback. Size-selective predation by this species on the largest (oldest) larvae of the dominant dipterans (both simuliids and chironomids) was observed. This would be a confirmation of the optimal foraging theory (Stephens and Krebs 1986) , which states that fish select these from available prey food types from which they make the highest energetic net gain.
The lack of zoobenthic groups such as Oligochaeta and large sized individuals of Chironomini in the gut of three-spined stickleback (Grzybkowska et al. 2003 ) may testify to a lack of penetration of the river bottom by this fish, while the absence of Hydra sp. proves either a fast digestion of such delicate organisms (this may also refer to Oligochaeta) or the efficiency of Hydra's defense mechanisms. An explanation of this problem requires further detailed analyses.
